This study investigates the influence of the fourth generation quarks on the double lepton polarizations in Λ b → Λℓ + ℓ − decay by taking |V * t ′ s V t ′ b | = 0.005, 0.01, 0.02, 0.03 with phase {60 • , 90 • , 120 • }. We will try to obtain a constrain on the mass of the 4th generation top like quark t ′ , which is consistent with the b → sℓ + ℓ − rate . With the above mentioned parameters, we will try to show that the double lepton(µ, τ ) polarizations are quite sensitive to the existence of fourth generation. It can serve as a good tool to search for new physics effects, precisely, to search for the fourth generation quarks(t ′ , b ′ ) via its indirect manifestations in loop diagrams.
Introduction
While the Standard Model (SM) provides a very good description of phenomena observed by experiments, it is still an incomplete theory. The problem is that the Standard Model can't explain why some particles exist as they do. Another question concerns the fact that there are 3 pairs of quarks and 3 pairs of leptons. Each "set" of these particles is called a generation (a.k.a. family). Therefore, the up/down quarks are first generation quarks, while the electron and e-neutrino are first generation leptons. In the every-day world we observe only the first-generation particles (electrons, e-neutrinos, and up/down quarks). Why does the natural world, "need" the two other generations? Are there 3 generations or more? Nothing in the standard model itself fixes the number of quarks and leptons that can exist. Since the first three generations are full, any new quarks and leptons would be members of a "fourth generation". In this sense, SM may be treated as an effective theory of fundamental interactions rather than fundamental particles. The Democratic Mass Matrix approach [1] , which is quite natural in the SM framework, may be considered as the interesting step in true direction. It is intriguing that Flavors Democracy favors the existence of the fourth SM family [2, 3, 4] . Any study related to the decay of the 4th generation quarks or indirect effects of those in FCNC requires the choice of the quark masses which are not free parameter, rather they are constrained by the experimental value of ρ and S parameters [4] . The ρ parameter, in terms of the transverse part of the W-and Z-boson self energies at zero momentum transfer, is given in [5] ,
the common mass of the fourth generation quarks (m t ′ ) lies between 320 GeV and 730 GeV considering the experimental value of ρ = 1.0002
+0.0007
−0.0004 [6] . The last value is close to upper limit on heavy quark mass, m q ≤ 700 GeV ≈ 4m t , which follows from partial-wave unitarity at high energies [7] . It should be noted that with preferable value a ≈ g w , Flavor Democracy predicts m t ′ ≈ 8m w ≈ 640 GeV. The above mentioned values for mass of m t ′ disfavors the fifth SM family both because in general we expect that m t ≤ m t ′ ≤ m ′′ t and the experimental values of the ρ and S parameters [4] restrict the quark mass up to 700 GeV.
The study of production, decay channels and LHC signals of the 4th generation quarks have been continuing. But, one of the efficient ways to establish the existence of 4th generation is via their indirect manifestations in loop diagrams. Rare decays, induced by flavor changing neutral current (FCNC) b → s(d) transitions are at the forefront of our quest to understand flavor and the origins of CPV, offering one of the best probes for New Physics (NP) beyond the Standard Model (SM). Several hints for NP have emerged in the past few years. For example, a large difference is seen in direct CP asymmetries in B → Kπ decays [8] ,
A Kπ ≡ A CP (B 0 → K + π − ) = −0.093 ± 0.015,
or ∆A Kπ ≡ A Kπ 0 − A Kπ = (14 ± 3)% [9] . As this percentage was not predicted when first measured in 2004, it has stimulated discussion on the potential mechanisms that it may have been missed in the SM calculations [10, 11, 12] . Better known is the mixing-induced CP asymmetry S f measured in a multitude of CP eigenstates f . For penguin-dominated b → sqq modes, within SM, S sqq should be close to that extracted from b → ccs modes. The latter is now measured rather precisely, S ccs = sin 2φ 1 = 0.674 ± 0.026 [13] , where φ 1 is the weak phase in V td . However, for the past few years, data seem to indicate at 2.6 σ significance,
which has stimulated even more discussions. The b → s(d)ℓ + ℓ − decays have received considerable attention as a potential testing ground for the effective Hamiltonian describing FCNC in B and Λ b decay. This Hamiltonian contains the one-loop effects of the electroweak interaction, which are sensitive to the quark , s contribution in the loop [14] - [16] . In addition, there are important QCD corrections, which have recently been calculated in the NNLL [17] . Moreover, b → s(d)ℓ + ℓ − decay is also very sensitive to the new physics beyond SM. New physics effects manifest themselves in rare decays in two different ways, either through new combinations to the new Wilson coefficients or through the new operator structure in the effective Hamiltonian, which is absent in the SM. A crucial problem in the new physics search within flavour physics is the optimal separation of new physics effects from uncertainties. It is well known that inclusive decay modes are dominated by partonic contributions; non-perturbative corrections are in general rather small [18] . Also ratios of exclusive decay modes such as asymmetries for
- [27] are well studied for new physics search. Here large parts of the hadronic uncertainties partially cancel out. In this paper, we investigate the possibility of searching for new physics in the heavy baryon decays Λ b → Λℓ + ℓ − using the SM with four generations of quarks(b ′ , t ′ ). The fourth quark (t ′ ), like u, c, t quarks, contributes in the b → s(d) transition at loop level. Note that, fourth generation effects have been widely studied in baryonic and semileptonic B decays [28] - [41] . But, there are few works related to the exclusive decays Λ b → Λl + l − [42] . The main problem for the description of exclusive decays is to evaluate the form factors, i.e., matrix elements of the effective Hamiltonian between initial and final hadron states. It is well known that in order to describe baryonic Λ b → Λℓ + ℓ − decay a number of form factors are needed (see for example [43] ). However, when heavy quark effective theory (HQET) is applied, only two independent form factors appear [44] .
It should be mentioned here that for the exclusive decay Λ b → Λℓ + ℓ − , decay rate, lepton polarization and heavy(Λ b ) or light(Λ) baryon polarization(readily measurable) are studied in the SM, the two Higgs doublet model and using the general form of the effective Hamiltonian, in [43] , [45] and [46] - [49] , respectively.
The sensitivity of the forward-backward asymmetry to the existence of fourth generation quarks in the Λ b → Λℓ + ℓ − decay is investigated in [41] and it is obtained that the forwardbackward asymmetry is very sensitive to the fourth generation parameters (m t ′ , V t ′ b V The paper is organized as follows: In section 2, using the effective hamiltonian, the general expressions for the matrix element of Λ b → Λℓ + ℓ − decay is derived. Section 3 devoted to the calculations of double-lepton polarizations. In section 4, we investigate the sensitivity of these functions to the fourth generation parameters (m t ′ , r sb , φ sb ).
Strategy
We first consider the standard model contribution. In the SM, the matrix element of the Λ b → Λℓ + ℓ − decay at quark level is described by b → sℓ + ℓ − transition for which the effective Hamiltonian at O(µ) scale can be written as:
where the full set of the operators O i (µ) and the corresponding expressions for the Wilson coefficients C i (µ) in the SM are given in [50] - [52] . As it has already been noted , the fourth generation up type quark t ′ is introduced in the same way as u, c, t quarks introduce in the SM, and so new operators do not appear and clearly the full operator set is exactly the same as in SM. The fourth generation changes the values of the Wilson coefficients C 7 (µ), C 9 (µ) and C 10 (µ), via virtual exchange of the fourth generation up type quark t ′ . The above mentioned Wilson coefficients will explicitly change as:
where
The unitarity of the 4 × 4 CKM matrix leads to
Since λ u = V * ub V us is very small in strength compared to the others . Then λ t ≈ −λ c − λ t ′ and λ c = V * cb V cs ≈ 0.04 is real by convention. It follows that
It is clear that, for the
) term vanishes, as required by the GIM mechanism. One can also write C i 's in the following form
where the last terms in these expressions describe the contributions of the t ′ quark to the Wilson coefficients. λ t ′ can be parameterized as : [50, 51] ). If the s quark mass is neglected, the above effective Hamiltonian leads to following matrix element for the b → sℓ + ℓ − decay
where q 2 = (p 1 + p 2 ) 2 and p 1 and p 2 are the final leptons four-momenta. The effective coefficient C tot 9 can be written in the following form
and the function Y (s ′ ) denotes the perturbative part coming from one loop matrix elements of four quark operators and is given [50, 52] ,
and the values of C i in the SM can be found in Table 1 [50, 52] .
In addition to the short distance contribution, Y per (s ′ ) receives also long distance contributions, which have their origin in the real cc intermediate states, i.e., J/ψ, ψ ′ , · · ·. The J/ψ family is introduced by the Breit-Wigner distribution for the resonances through the replacement [53] - [55] 
, where the data for the right hand side is given in [56] . For the lowest resonances J/ψ and ψ ′ one can use κ = 1.65 and κ = 2.36, respectively (see [57] ).
After having an idea of the effective Hamiltonian and the relevant Wilson coefficients, we now proceed to evaluate the transition matrix elements for the process
For this purpose, we need to know the marix elements of the various hadronic currents between initial Λ b and the final Λ baryon, which are parameterized in terms of various form factors as
where q = p Λ b − p Λ = p + + p − is the momentum transfer, f i and g i are the various form factors which are functions of q 2 . The number of independent form factors are greatly reduced in the heavy quark symmetry limit. In this limit, the matrix elements of all the hadronic currents, irrespective of their Dirac structure, can be given in terms of only two independent form factors [46] as
where Γ is the product of Dirac matrices,
is the four velocity of Λ b . These two sets of form facors are relalated to each other as
. Thus, using these form factors, the transition amplitude can be written as
Explicit expressions of the functions A i , B i , and E i (i = 1, 2, 3) are given as follows [46] :
From the expressions of the above-mentioned matrix elements Eq. (23) we observe that Λ b → Λℓ + ℓ − decay is described in terms of many form factors. When HQET is applied to the number of independent form factors, as it has already been noted, reduces to two (F 1 and F 2 ) irrelevant with the Dirac structure of the corresponding operators and it is obtained in [44] that
where Γ is an arbitrary Dirac structure,
/m Λ b is the four-velocity of Λ b , and q = p Λ b − p Λ is the momentum transfer. Comparing the general form of the form factors with (26) , one can easily obtain the following relations among them (see also [43] )
. The differential decay rate of the Λ b → Λℓ + ℓ − decay for any spin direction can be written as:
where λ(1, r, s) = 1 + r 2 + s 2 − 2r − 2s − 2rs is the triangle function and v = 1 − 4m 2 ℓ /q 2 is the lepton velocity. The explicit expressions for T 0 and T 2 are given by:
3 Double-lepton polarization asymmetries in the
In order to calculate the polarization asymmetries of both leptons defined in the effective four fermion interaction of Eq. (23), we must first define the orthogonal vectors S in the rest frame of ℓ − and W in the rest frame of ℓ + (where these vectors are the polarization vectors of the leptons). Note that we shall use the subscripts L, N and T to correspond to the leptons being polarized along the longitudinal, normal and transverse directions respectively [58, 59] .
where p + , p − and p Λ are the three momenta of the ℓ + , ℓ − and Λ particles respectively. On boosting the vectors defined by Eqs. (30,31) to the c.m. frame of the ℓ − ℓ + system only the longitudinal vector will be boosted, whilst the other two vectors remain unchanged. The longitudinal vectors after the boost will become;
The polarization asymmetries can now be calculated using the spin projector 
where the sub-indices x and y can be either L, N or T . And the double polarization asymmetries are;
+ 4m 
Numerical analysis
In this section, we examine the dependence of the double lepton polarizations to the fourth quark mass(m t ′ ) and the product of quark mixing matrix elements (V * t ′ b V t ′ s = r sb e iφ sb ). For numerical evaluation we use the various particle masses and lifetimes of Λ b baryon from [6] . The quark masses (in GeV) used are m b =4.8, m c =1.35, the CKM matrix elements as |V cb V * cs | = 0.041, α = 1/128 and the weak mixing angle sin 2 θ W = 0.23. For the form factors we use the values calculated in the QCD sum rule approach in combination with HQET [44, 60] , which reduces the number of quite many form factors into two. The s dependence of these form factors can be represented in the following way
where parameters F i (0), a and b are listed in table 2.
We use the next-to-leading order logarithmic approximation for the resulting values of the Wilson coefficients C ef f 9 , C 7 and C 10 in the SM [61, 62] at the re-normalization point µ = m b . It should be noted that, in addition to short distance contribution, C ef f 9 receives also long distance contributions from the realcc resonant states of the J/ψ family. In the present work, we do not take the long distance effects into account. In order to perform quantitative analysis of the double lepton polarizations, the values of the new parameters(m t ′ , r sb , φ sb ) are needed. Using the experimental values of B → X s γ and B → X s ℓ + ℓ − , the bound on r sb ∼ {0.01 − 0.03} has been obtained [33] for φ sb ∼ {0 − 2π} and m t ′ ∼ {300, 400} (GeV). We do a different and somehow more general analysis with the recent world average value [17] of the
in the low dilepton invariant mass region(1GeV 2 < q 2 < 6GeV 2 ). We chose r sb ∼ {0.005 − 0.03} , φ sb ∼ {60
• − 120 • } and 1σ level deviation from the experimental value, then we obtain the constrain on m t ′ (see Table 3 , 4 and 5 ). However, the most general analysis about range of new parameters (φ sb , r sb , m t ′ ) considering the recent experimental value of B → X s ℓ + ℓ − are still incomplete in some sense. We plan to do that in our next work. In the foregoing numerical analysis, we vary m t ′ in the range 175 ≤ m t ′ ≤ 600GeV. The lower range is because of the fact that the fourth generation up quark should be heavier than the third ones(m t ≤ m t ′ ) [4] . The upper range comes from the experimental bounds on the ρ and S parameters of SM, which we mentioned above(see Introduction). At the same time we will show the constrain on m t ′ coming from the experimental values of the B → X s ℓ + ℓ − in our figures. Before performing numerical analysis, few words about lepton polarizations are in order. From explicit expressions of the lepton polarizations one can easily see that they depend on bothŝ and the new parameters(m t ′ , r sb ). We should eliminate the dependence of the lepton polarization on one of the variables. We eliminate the variableŝ by performing integration overŝ in the allowed kinematical region. The total branching ratio and the averaged lepton polarizations are defined as
We ignore to show P LL for the Λ b → Λµ + µ − decay, since its value is quite small. Figs. (1)-(33) show the dependency of P ij for the Λ b → Λℓ + ℓ − decay at four values of r sb : 0.005, 0.01, 0.02, 0.03 on the m t ′ for ℓ = µ, τ channels at three different values of φ sb : 60
• , 90
• 120
• . The • \ sign in figures show the experimental upper limit on m t ′ coming from the B → X s ℓ + ℓ − analysis. From these figures, we obtain the following results.
• P LL for Λ b → Λτ + τ − decay depends strongly on the SM4 parameters. Firstly, there exist regions of the m t ′ where P LL departs considerably from the SM3 result. Secondly, there is an experimentally allowed regions for the value of m t ′ where P LL changes its sign(see Fig. 1 )in compare with SM3 value. The measurement of the sign of P LL for τ channel can be used as a good tool to look for new Physics effects. More precisely, the results can be used to indirect search to look for fourth generation of quarks. Table 5 : The extracted maximum experimental limit of m t ′ for φ sb = 2π/3
• P LN ( P N L )and P T N (-P N T ) show strong dependency on SM4 parameters. It is increasing function in the experimentally allowed regions and decreasing function of φ sb for both µ and τ channels(see Figs (see Eq. (8)). Secondly, our numerical integration for P ij has the same order of error.
• P LT ( P T L ) are very sensitive to m t ′ and r sb and less sensitive to the φ sb . We observe that P LT ( P T L ) exceeds the SM3 prediction 2 and 3 times for µ and τ channels(see Figs. 10-15 ), respectively. Such behaviors can serve as a good test for establishing new physics beyond the SM.
• P T T and P N N are quite sensitive to the existence of the SM4 parameters either in experimentally allowed regions or in the hole region. They are increasing and decreasing function of m t ′ if φ sb = 60
• . But, they are just increasing for µ case and decreasing for τ case if φ sb = 90
• or φ sb = 120
• . In the presence of the 4th generation, the magnitude of P T T can exceed the SM result 8 and 2 times and P N N can exceed the SM result 4 and 5 times for µ and τ cases, respectively. Therefore, determination of the magnitude of P T T and P N N can give unambiguous information about the existence of the new generation.
At the end of this section, let us discuss the problem of measurement of the lepton polarization asymmetries in experiments. Experimentally, to measure an asymmetry P ij of the decay with the branching ratio B at nσ level, the required number of events (i.e., the number of BB pair) are given by the expression
where s 1 and s 2 are the efficiencies of the leptons. Typical values of the efficiencies of the τ -leptons range from 50% to 90% for their various decay modes (see for example [63] and references therein), and the error in τ -lepton polarization is estimated to be about (10 − 15)% [64] . As a result, the error in measurement of the τ -lepton asymmetries is of the order of (20 − 30)%, and the error in obtaining the number of events is about 50%. From the expression for N we see that, in order to observe the lepton polarization asymmetries in Λ b → Λµ + µ − and Λ b → Λτ + τ − decays at 3σ level, the minimum number of required events are (for the efficiency of τ -lepton we take 0.5):
The number of BB pairs, that are produced at B-factories and LHC are about ∼ 5×10 8 and 10
12 , respectively. As a result of a comparison of these numbers and N, we conclude that, only P LL in the Λ b → Λµ + µ − decay and P LT , P N N and P T L in the Λ b → Λτ + τ − decay, can be detectable at LHC. To sum up, we presented the most general analysis of the double-lepton polarization asymmetries in the Λ b → Λℓ + ℓ − decay using the SM with fourth generation in this study. We also studied the dependence of the averaged double-lepton polarization asymmetries on the SM4 parameters. Our results showed that the averaged double-lepton polarization asymmetries are strongly dependent on the fourth quark (m t ′ ) and the product of quark mixing matrix elements (V * t ′ b V t ′ s = r sb e iφ sb ). Thus, the experimental determination of both the sign and the magnitude of the P ij can serve as a good tool to look for new physics beyond the SM. More precisely, the study of the averaged double-lepton polarization asymmetries can serve as good tool for searching new generation of quarks.
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